During the period of immune recovery after hematopoietic stem cell transplantation (HSCT) viral infections, which are normally controlled by T-cell immunity are an important cause of morbidity and mortality. The degree of risk for infection is dictated by the degree of tissue mismatch between donor and recipient, and the resultant degree of immunosuppression as well as the immune status of the donor. Reactivation of latent viruses such as cytomegalovirus (CMV), Epstein-Barr virus (EBV), herpes simplex and herpes zoster are common and often cause symptomatic disease. Respiratory viruses such as adenovirus, influenza, and respiratory syncytial virus (RSV) also frequently cause infection. Antiviral pharmacologic agents are effective against only some of these viruses; their use is costly, associated with significant toxicities and the outgrowth of drug-resistant mutants. As delay in recovery of virus-specific cellular immune response is clearly associated with viral reactivation and disease in these patients, cellular immunotherapy to restore viral-specific immunity is an attractive option that has been applied to target three common viruses; CMV, EBV and adenovirus.
CMV
Cytomegalovirus (CMV) is a lytic virus that usually causes an asymptomatic infection in immunocompetent individuals. It persists in approximately 70% of healthy adults and replicates in epithelial cells, fibroblasts and monocytes. Reactivation of CMV in the stem cell recipient can result in significant morbidity and mortality, with clinical manifestations including interstitial pneumonitis, gastroenteritis, fevers, hepatitis, encephalitis and retinitis. 1 Cell-mediated immunity is considered the most important factor in controlling CMV infection and CMV-specific CD4 + and CD8 + lymphocytes play an important role in immune protection both primary infection and subsequent reactivations. The most frequently used drugs for prophylactic or preemptive therapy are ganciclovir and foscarnet.These drugs have been successful in reducing mortality associated with CMV disease and in preventing early CMV disease in combination with intravenous immune globulin. However, both have significant side effects including neutropenia and nephrotoxocity.
Epstein-Barr Virus
Epstein-Barr virus (EBV) is a gammaherpesvirus that infects more than 95% of the world's population. Primary infection usually produces a mild self-limiting disease, which is followed by latent infection in B cells and productive replication in B cells and mucosal epithelium. There are at least four types of viral latency:. type 1, expressing only the virus nuclear antigen 1 (EBNA1); type 2, expressing in addition to EBNA1, the latent membrane proteins, LMP1 and LMP2; and type 3, expressing all the seven latency-associated proteins including the immunodominant EBNA3 viral antigens. 2 In these types of latency the viral small RNAs and EBERs are abundantly expressed as well as transcripts from the BamHI A region of the viral genome, BARTs. In the fourth type of latency, found in the majority of circulating B cells of healthy individuals, no viral RNA expression can be detected.
In immunocompromised hosts, outgrowth of B cells expressing Type 3 latency, which are highly susceptible to virus specific T
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Version 0.9 dated cells, may lead to the development of post-transplant lymphoproliferative disease (PTLD). The overall incidence of PTLD after HSCT is less than 1%, but the incidence is increased in recipients with an underlying diagnosis of immunodeficiency and for recipients of stem cells from unrelated or human-leukocyte-antigen (HLA)-mismatched donors who receive grafts that are selectively depleted of T cells to prevent graft-versus-host disease (GVHD). [3] [4] [5] Few small molecule drugs have any effect on B cells already transformed by EBV, although nucleoside analogs, like ganciclovir, do inhibit its replicative cycle. Chemotherapy is rarely effective and associated with significant toxicity. One option for prophylaxis and treatment of PTLD after HSCT is rituximab, a monoclonal antibody against the B cell phenotypic antigen, CD20. Response rates to rituximab between 55% and 100% have been reported in different series. [5] [6] [7] However, not all patients respond and rituximab produces depletion of normal B-cell for more than 6 months. This can be problematic in a patient population that is already immunosuppressed.
Adenovirus
Adenovirus is a nonenveloped lytic DNA virus and humans are susceptible to infection with 51 serotypes of adenovirus, forming six distinct species (A to F), which differ in their tissue specificity and virulence. Although acutely infecting viruses, adenoviruses may persist for many months after resolution of disease and therefore are frequently carried undetected into the transplant by donor or recipient. Acute infection is rarely fatal in healthy adults; it is significant cause of morbidity and mortality in immunocompromised individuals, in whom it may produce pneumonia, hemorrhagic cystitis, nephritis, colitis, hepatitis, and encephalitis. Adenovirus has a particularly high incidence after pediatric HSCT. 8 Several reports have shown that clearance of adenovirus infection is associated with detection of adenovirus specific T cells 9;10 and recovery is significantly delayed in recipients of matched unrelated donor and haploidentical transplant who receive intensive immunosuppression such as Campath. 10 The most frequently used drug for disease treatment is Cidofovir, but the associated nephrotoxicity is a major concern and in the absence of prospective, randomized, controlled trials, the efficacy of the drug is uncertain.
Adoptive Immunotherapy with Virus Specific CTLs
Since recovery of virus-specific T cells is clearly associated with protection from infection with each of these viruses, 9;11;12 adoptive immunotherapy to decrease the time to immune reconstitution is an attractive approach. Virus-specific T cells generated by repeated stimulation with antigen presenting cells expressing viral antigens have been evaluated in clinical trials to prevent and treat viral infections in immunocompromised hosts. This approach eliminates alloreactive T cells.
There are several considerations in developing protocols for generating virus-specific CTLs ex vivo. Knowledge of the immunodominant antigens that induce protective T cells specific for the targeted virus is required and a delivery system to transfer the antigen to effective antigenpresenting cells (APCs) must be identified. The APC must be autologous, express major histocompatibility complex (MHC) antigens presenting relevant virus-derived peptides as well as co-stimulatory molecules sufficient to induce T cell activation and expansion. These reagents all need to be suitable for GMP manufacturing which limits the use of some types and sources of antigen.
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T Cell Therapy for CMV
The first study evaluating whether adoptively-transferred T cells could reconstitute anti-viral immunity targeted CMV. In this study, CMV-specific T-cell clones were derived from sibling donors after stimulation with autologous fibroblasts pulsed with CMV. 13 There were no adverse effects and CMV-specific immune responses were reconstituted, with none of the patients developing CMV disease or late recurrence. Anti-CMV activity did decline, however, in recipients who did not develop CD4 + CMV-specific T-cell responses, suggesting CD4 T cells may be necessary for long-term persistence. In another prophylaxis study, Peggs et al., generated CMV-specific CD4+ and CD8+ T cells by stimulation of peripheral blood mononuclear cells (PBMC) with dendritic cells pulsed with CMV antigens derived from a CMV-infected human lung fibroblast cell line 14 . Small doses of CTLs were able to reconstitute immunity with considerable in-vivo expansion of CMV-specific CTLs. To avoid the use of live CMV during T cell manufacture, a more recent study stimulated CTLs with dendritic cells pulsed with the HLA-A2 restricted peptide NLV derived from the cytomegalovirus-pp65 protein. 15 While this approach also appeared effective, a concern is the restricted specificity of the infused CTLs, since targeting a single epitope may allow escape variants and limits the study to patients who are HLA A2-positive.
CMV-specific CTLs have also been used therapeutically in patients with CMV infection that has persisted or recurred despite prolonged antiviral medication. 16 The results were encouraging with suppression of viral reactivation in 6 of 7. In this study, the source of antigen was a CMV lysate, which has the advantage of producing a broad immune response but which is not suitable for Phase III studies because of the risk of infection from live virus in the lysate.
The CTL therapies described employed methods of T cell production that required prolonged periods of activation and expansion and also require specialized GMP facilities and significant regulatory support. This reduces the practicality of adoptive immunotherapy, since CTL lines must be made long in advance of disease, and few centers have the facilities or infrastructure required for this type of cell processing. A recently reported clinical trial using tetramer selection of CMV peptide-specific T cells directly from peripheral blood avoided both ex vivo expansion and live viral antigens. Although exclusively CD8+ T cells were infused, they expanded by several logs after infusion, clearing infection in 8/9 cases. 17 Again this approach is limited by the availability of tetramers for uncommon HLA types and lack of class II tetramers.
T Cell Therapy for EBV
The outgrowing EBV-infected B cells of PTLD have the same phenotype and viral antigen expression as the EBV-transformed lymphoblastoid cell lines (LCLs) generated by infecting peripheral blood B cells with a laboratory strain of EBV. As LCLs can be readily prepared from any donor, they have been used as antigen presenting cells in clinical studies evaluating EBV specific CTLs. 7;18-21 EBV-specific CTLs generated using this methodology are polyclonal, contain both CD4-and CD8-positive EBV-specific T cells, and recognize multiple latent and lytic viral antigens. We have shown that adoptively transferred EBV-specific CTLs can survive for up to 8 years after infusion , expand up to 2-4 logs after infusion, and reduce the high virus load that is observed in about 20% of patients. 18;20 In a study targeting a high-risk patient population receiving T cell-depleted marrow, none of 59 patients who received EBV CTLs as prophylaxis developed PTLD. 12 Of six patients with active PTLD at the time of infusion, donor derived EBV-specific CTL lines induced remission in five, while in the sixth the tumor virus had deleted the immunodominant epitopes in EBNA3 that were the targets of the infused effector T cells. 22 Other studies have confirmed the activity of EBV specific CTLs post transplant.
7;21
T Cell Therapy for Adenovirus.
Feuchtinger et al. treated patients with adenovirus infection using CD4+ and CD8+ adenovirusspecific T cells isolated from the donor after a short in vitro stimulation with adenovirus viral antigen followed by selection of gamma-interferon-secreting cells. 23 Small numbers of adenovirus-specific donor T cells were infused into nine children with systemic adenovirus infection after HSCT. Adenovirus specific immune responses were detected in five of six evaluable patients, associated with a sustained decrease in viral load and clearance of infection. 23 
Multivirus-Specific T Cells
The strategies described above each only target one virus. To broaden the specificity of single CTL lines to include the three most common viral pathogens of stem cell recipients, we reactivated CMV and adenovirus-specific T cells by using mononuclear cells transduced with a recombinant adenoviral vector encoding the CMV antigen pp65. Subsequent stimulations with EBV-LCL transduced with the same vector both reactivated EBV-specific T cells and maintained the expansion of the activated adenovirus and CMV-specific T cells. 24 This method reliably produced CTLs with cytotoxic function specific for all three viruses, which we infused into 14 stem cell recipients in a Phase I prophylaxis study. We observed recovery of immunity to CMV and EBV in all patients but an increase in adenovirus-specific T cells was only seen in patients who had evidence of adenovirus infection pre-infusion. 24 All patients with pre-infusion CMV, adenovirus or EBV infection or reactivation were able to clear the infection, including one patient with severe adenoviral pneumonia requiring ventilatory support. 24 CTLs recognizing multiple antigens can therefore produce clinically relevant effects against all three viruses.
Rapid Generation Techniques and Selection
Peptide-HLA tetramers and cytokine-secretion capture columns allow rapid isolation of antigenspecific T cells for adoptive transfer. With tetramer selection, T cells that bind a particular peptide can be isolated magnetically for direct transfer to patients without the need for a prolonged in vitro culture. This approach requires knowledge of immunodominant epitope and is restricted by HLA type, and although it successfully selects CMV specific cells, which are abundant in peripheral blood, it is of more limited value when trying to isolate T cells with specificities that circulate at low fequency. 17 . In addition production of clinical-grade tetramers for multiple HLA types for use under GMP may limit wider application of this strategy. Capture of T cells that secrete cytokines in response to stimulation with viral antigens also allows rapid T cell selection as demonstrated for adenovirus specific T cells. 23 This strategy has the advantage that knowledge of epitopes is not required and there is no HLA restriction. Unfortunately it is inefficient, producing small numbers of selected cells impeding the product characterization essential to later phase clinical study.
Most closely Matched Allogeneic Lines
An alternative approach that bypasses the need to grow CTLs for individual patients is to bank closely HLA-matched allogeneic cytotoxic T lymphocyte lines (CHM-CTLs) that could be
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Version 0.9 dated available as an "off the shelf" product. A concern with this approach is that the in vivo persistence of a mismatched product may be suboptimal after administration, as the recipient may generate an immune response to the non-shared HLA antigens. However, a number of small studies showed the feasibility of this approach and reported clinical responses in the patients with EBV lymphoma arising after HSCT or solid organ transplant. 25;26 More recently a Phase II study using EBV-specific CTLs to treat PTLD after solid organ transplant or SCT has shown an encouraging response rate of 64% and 52% at 5 weeks and 6 months, respectively, with higher response rates observed at six months in patients who received the most closely HLA-matched CTL lines. 27 In this study patients received 4 doses of 2 x 10 6 CTL/kg at weekly intervals. Lines were selected for matching by low resolution typing and screened for high level killing of autologous LCLs and low level killing of patient PHA blasts. The degree of HLA matching ranged from 2/6 to 5/6 antigens and there was a statistically significant trend towards a better outcome at 6 months with better matching. Importantly no patient developed GVHD post CTL administration. 27 In another report two solid organ recipients with CNS lymphoma received closely matched EBV-specific T cells resulting in complete resolution of their brain lesions. 28 This approach, therefore, warrants further evaluation. In this protocol we propose to evaluate if using most closely matched allogeneic CTLs is a safe and feasible strategy for treating patients post-HSCT with CMV, adenovirus or EBV infection persistent despite standard therapy.
Risks of Administering Donor CTLs
Over 65 patients have been treated on our previous adoptive immunotherapy protocol in which allogeneic donor derived EBV-specific CTL were administered after bone marrow transplantation. The only significant complication was an inflammatory response in a patient with bulky EBV lymphoma. In addition 18 patients have received trivirus specific CTLs and 12 patients received adenovirus and EBV specific CTLs without developing significant adverse events.
None of the patients treated on any of these studies developed significant de novo GVHD. In other reported studies none of the patients treated with CMV CTL by Walter developed GVHD. In the cohort of patients treated by MacKinnon et al., 3/13 patients developed mild (Grade I) GVHD; since immunosuppression had been withdrawn early in this study, it is unclear if this side effect was due to CTL infusion. 29 Although there is theoretically an increased risk of GVHD due to greater mismatch with partially matched CTLs, no GVHD was reported in the Phase II study of closely matched allogeneic CTLs or in several case reports using matched CTLs. 26;27 In our studies with donor-derived CTLs we have screened CTL lines for reactivity against other host tissues such as fibroblasts and/or PHA blasts as a release criteria. However, there is no completely reliable in vitro assay for excluding this possibility and performing such an assay in the current protocol would be difficult for two reasons. First, many recipients would not have residual pre-transplant lymphocytes available to make PHA blasts and their blood at the time of study eligibility determination would be donor and therefore not a valid predictive target. Second, it would add 10 days to the release time which would adversely affect feasibility and perhaps outcome. We do not therefore propose this assay as a release criteria. We will, however, take several additional precautions to minimize the risk of GVHD. First, any patient with preexisting GVHD of > Grade 2 will be excluded from the study. Second, we will administer CTLs at a dose of 2 x 10 7 cells/m 2 . This is a much smaller number of T cells than administered at the time of an unmanipulated marrow infusion.
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Version 0.9 dated Another potential hazard is the infusion of EBV transformed B cells, which have been cocultured with the CTL during generation of the T cell lines. This is unlikely to constitute an additional risk to the recipient for several reasons. First, the lymphoblastoid cells are not viable because they have been irradiated with 4000cGy and cocultured with known effectors. In addition, we will add acyclovir to the LCL cultures so no productive virus will be present in cultures. Finally we will monitor levels of EBV DNA in peripheral blood by PCR before and after CTL infusions. The laboratory strain of EBV used for LCL production has not been detected in over 200 patients who have received EBV-specific CTLs so far. In addition, the CTL lines are phenotyped prior to infusion and all lines have to meet release criteria (<2% CD19+ve B cells in the CTL product for infusion.)
Infusion of cells infected with the adenoviral vector (Ad5f35pp65), could theoretically lead to an inflammatory response due to infectious virus or viral antigens. This is unlikely for several reasons. First, the adenoviral vector is RCA negative. Secondly, in this study we are initially using the adenoviral vector to infect peripheral blood mononuclear cells to stimulate the T cells.
We have shown that only CD14+ve cells (monocytes) and not T cells or B cells become infected with the adenoviral vector at the MOI we use. Subsequent stimulations of the T cells will be with lethally irradiated monocytes and then with EBV-LCL lines transduced with the Ad5f35 vector. Prior to stimulation, the irradiated LCL and monocytes will be washed 4 times which we have shown eliminates 4 logs of free adenovirus from the cultures. Thirdly, Ad-specific CTL will be cultured for at least 7 days after the last stimulation with LCL infected with the Ad5f35 vector since pre-clinical studies have shown that this ensures no Ad-infected LCL remain alive to be administered to the patients. Finally, we will not infuse any T cells which contain >2% CD19 positive cells (B cells) or >2% CD14 positive cells (monocytes). 
Study Design
This trial is designed to evaluate the feasibility, safety and efficacy of most closely HLA-matched multivirus specific CTL lines (CHM-CTLs) in HSCT patients with EBV, CMV or adenovirus infections that are persistent despite standard therapy.
Primary Objective and Rationale for Study Design
The primary purpose of the study is to assess the safety of administering CHM-CTLs in transplant patients with EBV, CMV, or adenovirus infection. We have elected to use a dose of up to 2 x 10 7 CHM-CTLs/m 2 that has been shown to be safe and have clinical activity in a Phase I study using donor specific CTLs. Because the persistence of adoptively transferred cells may be shorter using banked most closely matched lines, we will give the option of administering additional doses in subjects that have a partial response after one dose.
It is unclear what degree of matching will be needed for clinical activity so we propose to allow infusion of lines that match at only one antigen although preference will be given to lines matching at the most loci.
For CMV infection, standard therapy is well defined as antiviral agents with Ganciclovir being the agent of choice and Foscarnet or Cidofovir being effective second line agents. For EBV infection, rituximab is the current treatment of choice for patients with CD20+ lymphoma. For patients with CD20-tumors there is no clear standard of therapy although most physicians would likely administer chemotherapy. There is also no clear standard therapy for adenovirus although there are reports of Cidofovir having activity. We have therefore chosen to use Cidofovir as standard therapy although this requirement would be waived if the subject could not tolerate this agent due to nephrotoxicity.
Eligibility

Inclusion Criteria
Patients will be eligible following any type of allogeneic transplant if they have CMV, adenovirus or EBV infection persistent to standard therapy (as defined below). antigenemia (>1+ cell/100,000 cells) or DNAemia (as defined by reference lab performing PCR assay but usually >400 copies/ml) after at least 7 days of antiviral therapy OR iii. Relapse after antiviral therapy defined as recurrence of either pp65 antigenemia or DNAemia after at least 2 weeks of antiviral therapy iv. For CMV infection, standard therapy is defined as 7 days therapy with Ganciclovir, Foscarnet or Cidofovir for patients with disease (see 2.a.i) or recurrence after 14 days therapy (see 2.a.iii) b. For EBV infection i. EBV infection is defined as 1. Biopsy proven lymphoma with EBV genomes detected in tumor cells by immunocytochemistry or in situ PCR OR 2. Or clinical or imaging findings consistent with EBV lymphoma and elevated EBV viral load in peripheral blood. ii. For EBV infection, standard therapy is defined as rituximab given at 375mg/m 2 in patients for 1-4 doses with a CD20+ve tumor iii. Failure is defined as 1. There was an increase or less than 50% response at sites of disease for EBV lymphoma OR 2. There was a rise or a fall of less than 50% in EBV viral load in peripheral blood or any site of disease c. For adenovirus infection or disease i. Adenovirus infection is defined as the presence of adenoviral positivity as detected by PCR, DAA or culture from ONE site such as stool or blood or urine or nasopharynx OR ii. Adenovirus disease will be defined as the presence of adenoviral positivity as detected by culture from two or more sites such as stool or blood or urine or nasopharynx iii. Standard therapy is defined as 7 days therapy with Cidofovir (if renal function permits this agent to be given). iv. Failure is defined as a rise or a fall of less than 50% in viral load in peripheral blood or any site of disease as measured by PCR or any other quantitative assay).
3. Patients with multiple CMV, EBV or Adenovirus infections are eligible given that each infection is persistent despite standard therapy as defined above. Patients with multiple infections with one persistent infection and one controlled infection are eligible to enroll.
4. Clinical status at enrollment to allow tapering of steroids to less than 0.5 mg/kg/day prednisone.
5. Written informed consent and/or signed assent line from patient, parent or guardian. Progressing infection is defined as hemodynamic instability attributable to sepsis or new symptoms, worsening physical signs or radiographic findings attributable to infection. Persisting fever without other signs or symptoms will not be interpreted as progressing infection.
3. Patients who have received donor lymphocyte infusion (DLI) within 28 days.
4. Patients with active acute GVHD grades II-IV.
Active and uncontrolled relapse of malignancy
Informed Consent
The informed consent process will begin at recognition of subject eligibility and consent will be obtained per institutional practices before study therapy is initiated. Subjects will initially sign a screening consent to enable a search to be made for a line. If a line is available they will sign the treatment consent.
Donor Eligibility
Donors for these CTLs lines fall into several categories 2.3.4.1 Some CTL lines were previously manufactured for our IRB approved protocol H12683. These donors were initially chosen as transplant donors because they were the best match with the original transplant recipient and they met eligibility criteria. They were subsequently consented for enrollment on H12683 to provide blood for generation of trivirus-specific CTL lines. There are either additional vials available after the product was used for the original recipient or the original recipient was ineligible. These donors gave consent for lines not used for the original recipient to be used for research.
2.3.4.2 We will manufacture additional lines for specific use for this study from individuals with common HLA types. Some of these individuals will be subjects who have previously enrolled on our IRB approved research study (H7634) to manufacture CTL lines from normal donors for preclinical studies so that we know that their lines have broad antivirus reactivity. We will approach these donors previously enrolled on this study to ascertain if
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For these newly manufactured lines, donors will be evaluated by either Dr Carrum who is director of the donor center at BCM or an NMDP donor physician for NMDP donors. Donors must meet standard eligibility criteria for donation of blood or marrow. They will be screened with the standard blood bank donor questionnaire, medical history and testing for infectious disease markers by a physician who is experienced in screening transplant donors. Only donors who have cleared this process and deemed to be eligible will provide blood for CTL generation. 
Donor Evaluation
Treatment Plan
Patients may be screened for study entry when they have persistent disease despite standard therapy as defined in the inclusion criteria. At that stage a search will be done of the available lines. Lines were generated from HSCT donors who consented to the use of CTLs not required for their recipient for research or from normal donors. All donors were screened and deemed to be eligible as transplant donors. We will also manufacture additional lines with the goal of covering common HLA types and will consult with the NMDP to determine what HLA types would be desirable. Additional donors will be screened by a transplant donor center physician and must be deemed eligible before a line can be manufactured. (see 2.3.4 and 2.4.5)
CTL Lines
We will use trivirus specific CTL lines generated as described previously. 24 Generation of trivirus-specific CTL lines requires the generation of several different components from PBMC. The CTL line will be derived from donor peripheral blood T cells, by multiple stimulations with antigen-presenting cells (APCs) presenting CMV, EBV and adenovirus antigens and expansion with interleukin-2 (IL-2). The APCs used to stimulate and expand the CMV-specific T cells will be derived from patient mononuclear cells and B lymphocytes.
To initiate the trivirus-specific CTL line, PBMC will be transduced with an adenovirus vector (Ad5f35-pp65) expressing the immunodominant antigen of CMV, pp65. The monocyte fraction of PBMC expressed and presented CMV-pp65 peptide epitopes to the CMV-specific T cell fraction of the PBMC, while the virion proteins from the adenovirus vector were processed and presented to the adenovirus-specific T cell fraction.
To expand trivirus -specific T cells we used EBV-transformed B lymphoblastoid cell lines (EBVLCLs) transduced with Ad5f35-pp65. This transduction allows the EBV-LCLs to present CMVpp65 and adenovirus virion peptides to the T cells as well as endogenously expressed EBV antigens.
EBV-LCLs are derived from PBMC-B lymphocytes by infection with a clinical grade, laboratory strain of Epstein-Barr virus (EBV). About 5 x 10 6 PBMC, or 5 to 10 mLs of blood is required to generate the EBV-LCL At the end of the CTL culture period, the frequency of T cells specific for each virus were determined using tetramer reagents if available. To test the functional antigen specificity of the CTL we will use overlapping peptide libraries for pp65 and adenovirus hexon and autologous and allogeneic LCLs in Elispot assays and we will perform cytotoxicity assays using unmodified PHA blasts and LCLs untransduced or transduced with Adhexon and CMVpp65 pepmix OR LCL transduced with Ad5f35-null and Ad5f35-pp65.
The CTL lines will also be checked for identity, phenotype and sterility, and cryopreserved prior to administration according to SOP. Release criteria for administering the CTL to patients include viability >70%, negative culture for bacteria and fungi for at least 7 days, endotoxin testing ≤ 5EU/ml, negative result for Mycoplasma, <2% CD19 positive B cells, <2% CD14 positive monocytes (or <2% CD83 positive cells if Dendritic cells were used as stimulators) and HLA identity.
No Matched CTL Line Available
If no matched line is available the patient will be registered so that the feasibility of the approach can be assessed and the eventual outcome will also be collected.
CTL Line Available but Patient Status Changes
Patients clinical course that changes between screening and infusion will not be given the CTL and will be followed for eventual outcome.
Criteria for Selection of CTL Line
In general the line matching at the highest number of HLA loci will be selected. Matching at the allele level will be preferred but antigen level will be accepted for HLA-A and HLA-B. However consideration will also be given to the type of infection and activity of the line against that virus. For example for a patient with adenovirus infection a line that matches at 2 loci but that has recognition of adenovirus mediated through those antigens would be preferable to a line matched at 3 loci but with no demonstrated activity against adenovirus. The protocol chair will 15, 2009 discuss each case with the principal investigators at each center to determine the optimal CTL line for each patient. If more than one line matches and there are insufficient cells to cover additional infusions a second CTL line will be reserved in the event that additional infusions are warranted. Patients with a partial response are eligible to receive an additional dose.
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Shipping of CTL Line
The line will be shipped from the Production Assistance for Cellular Therapies (PACT) center at Baylor College of Medicine (BCM) to the clinical center using validated shipping methodology. The line will be accompanied by a certificate of analysis and an SOP for administration.
Administration and Monitoring
2.4.6.1 Multivirus specific T cells will be thawed and given by intravenous injection.
Premedications:
Patients will be premedicated with Benadryl 1mg/kg (max 50 mg) IV and Tylenol 10 mg/kg (max 650 mg) PO.
2.4.6.3 Patients will be monitored according to institutional standards for administration of blood products and at a minimum will be monitored according to below:. 
Risks and Toxicities
Graft Versus Host Disease (GVHD)
The risk that adoptively transferred partially HLA matched CTL will cause GVHD is very low according to published data from previous studies.
24;27
GVHD Scoring
Weekly GVHD organ stage scores, overall clinical grade, biopsy information for GVHD and relevant differential diagnosis will be recorded. The weekly score will encompass all information since the last assessment. Organ involvement, biopsy information, staging, differential diagnosis, and GVHD therapy will be documented in the medical record using the Blood and Marrow Transplant Clinical Trials Network (BMT CTN) GVHD scoring stamp or equivalent.
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Symptoms of chronic GVHD, if present, will be reported according to the SCCT MOP and reported on the GVHD symptom record.
An example acute GVHD weekly data record (stamp) is shown below.
Chronic GVHD
Patients developing sign/symptoms of chronic GVHD (CGVHD) will have symptoms recorded on the CGVHD scoring form at the scheduled follow-up visits. 
Primary Endpoint
The primary objectives are feasibility and safety. The primary endpoint is to assess the safety of administration of CTLs 45 days post-infusion. The safety endpoint will be defined as acute GvHD grades III-IV within 45 days of the last dose of CTLs or grades 3-5 infusion-related adverse events within 30 days of the last CTL dose or grades 4-5 nonhematological adverse events within 30 days of the last CTL dose and that are not due to the pre-existing infection or the original malignancy or pre-exisitng co-morbidities as defined by the NCI Common Terminology Criteria for Adverse Events (CTCAE), Version 3.0. Toxicities to consider include GI toxicity, renal toxicity, hemorrhagic toxicity, cardiovascular toxicity (hypotension, cardiac arrhythmia and left ventricular systolic dysfunction, neurologic toxicity (somnolence and seizure), coagulation toxicity, vascular toxicity and pulmonary toxicity. 
Staging and Grading of Acute GVHD
Secondary Endpoints
Antiviral Activity
Viral load will be monitored for CMV, EBV and adenovirus. For the infection under treatment response in viral load will be defined as follows:
Complete response: Return to normal range as defined by specific assay used and clinical signs and symptoms Partial response: Decrease in viral load of at least 50% from baseline or 50% improvement of clinical signs and symptoms Mixed response: Decrease in viral load of at least 50% from baseline for one infection and an increase or no change in viral load for a second infection (only applicable for patients with two infections at baseline). Stable disease: Changes insufficient to qualify as partial response or progression Progression: Increase in viral load of at least 50% from baseline or dissemination to other sites of disease.
Reconstitution of Antiviral Immunity
Patients will be monitored using ELISPOT assays or tetramer assays with appropriate viral specific peptide mixtures.
Persistence of Infused CTLs
Persistence of infused T cells will be monitored based on quantitative PCR for non-shared HLA antigens.
Effects on Clinical Signs of Viral Infection.
If a patient has organ involvement clinical response will be monitored.
Survival
Overall survival at 6 and 12 months post CTL infusion will be computed.
Chronic GVHD
Chronic GVHD will be assessed at 6 and 12 months post CTL infusion.
Systemic Infections
All microbiologically documented infections occurring within 6 months of CTL infusion will be reported by etiologic agent, site of disease, date of onset, and severity.
Secondary graft failure
Secondary graft failure is defined as initial neutrophil engraftment followed by subsequent decline in the ANC to < 500/mm 3 for three consecutive measurements on different days,
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CHAPTER 4 4 PATIENT ENROLLMENT AND EVALUATION
Enrollment
Patients will be registered as follows:
1. An authorized user at the clinical center completes the initial screening when the patient has an adenovirus, CMV or EBV infection persistent despite standard treatment as defined and enrolls the patient in AdvantageEDC SM system on the screening phase of the study (Segment A) after obtaining the screening consent. The screening portion consists of entering in demographics data and patient eligibility data. The search for a CTL line is initiated if the patient is eligible and a patient number is generated. . The eligibility screening (Segment B) includes a question confirming that the patient signed the treatment informed consent form.
5. After enrollment in the treatment portion of the protocol (segment B), an email will be sent to the Cell Therapy lab to initiate the processing and shipping to the transplant center.
6. A visit schedule based on treatment start date is displayed for printing and is referred to as "Segment B Follow-up."
7. Patients will be assessed for eligibility for subsequent infusions by completing the eligibility form. If the patient is deemed eligible, the Cell Therapy lab will be notified to initiate a search for a subsequent CTL line. The center will be notified in the event a subsequent line is available.
If a connection is interrupted during an enrollment session, the process is completely canceled and logged. A backup manual enrollment system will also be available to provide for short-term system failure or unavailability.
Study Monitoring
Follow-up Schedule
The Follow-up Schedule for scheduled study visits is outlined in Table 4 .2.1.
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Follow-up Assessments: The timing of follow-up visits is based on the date of CTL infusion. If a patient has multiple CTL doses the schedule resets again at the beginning so follow up relates to the last CTL dose.
Reporting Patient Deaths:
The Recipient Death Information must be entered into the webbased data entry system within 24 hours of knowledge of a patient's death. If the cause of death is unknown at that time, it need not be recorded at that time. However, once the cause of death is determined, the form must be updated. Ancillary laboratory studies will include 1) Assessment of virus-specific immunity based on CTL levels as measured by ELISPOT assays or tetramer assays. 2) Persistence of infused T cells based on PCR for non-shared antigen 3) Serum will be stored at baseline for possible future PRA testing if the allogeneic CTLs do not persist
Adverse Event (AE) /Serious Adverse Event (SAE) Reporting
Adverse Event Definitions
Adverse Event -Any unfavorable and unintended sign (including an abnormal laboratory finding), symptom or disease temporally associated with the use of a medical treatment or procedure regardless of whether it is considered related to the medical treatment or procedure (attribution of definite, probable, possible, unlikely, or unrelated).
Life-Threatening Adverse Event -Any adverse event that places the participant, in view of the investigator, at immediate risk of death from the reaction.
Serious Adverse Event (SAE) -Any adverse event that results in any of the following outcomes:  death,  a life threatening adverse event,  in-patient hospitalization or prolongation of existing hospitalization,  a persistent or significant disability/incapacity,  a congenital anomaly/birth defect, or  any other medical event, in appropriate medical judgment, may require medical or surgical intervention to prevent one of the outcomes listed above.
Unexpected Adverse Event -For SCCT studies involving hematopoietic stem cell transplantation: any adverse event, the specificity or severity of which is NOT listed in the study protocol, product inserts or informed consent document.
Attribution -The determination of whether an adverse event is related to a drug/device/treatment. Attribution categories:
Definite-The adverse event is clearly related to the study drug/device/procedure/ treatment(s).
Probable-The adverse event is likely related to the study drug/device/procedure treatment. Unlikely -The adverse event is doubtfully related to the study drug/device procedure/treatment(s).
For SCCT studies involving hematopoietic stem cell transplantation
Unrelated -The adverse event is clearly NOT related to the study drug/device/procedure/ treatment(s).
For SCCT studies involving hematopoietic stem cell transplantation: the adverse event is most plausibly explained by the subject's underlying medical condition or other concomitant therapy, or the adverse event has no plausible biological relationship to study drug/device /treatment.
Common Terminology Criteria Adverse Events (CTCAE) -a descriptive terminology developed by the National Cancer Institute (NCI) for use in reporting adverse events. The CTCAE includes a grading (severity) scale for each adverse event term.
A copy of the current CTCAE guidelines (Version 3.0) is located at http://ctep.cancer.gov/reporting/.
Grade -Severity of the adverse event. Grades were developed using the following guidelines: Abnormal laboratory values not included in the CTCAE guidelines will be defined per protocol.
Time for AE Collection
All adverse events will be collected for 30 days after the last CTL infusion Graft versus host disease evaluation will be collected for 45 days after the last CTL infusion .
Adverse Event Reporting
Adverse events should be reported using CTCAE terminology and severity scales for all SCCT studies involving hematopoietic stem cell transplantation. Information reported for the adverse event must include: Name of adverse event, date of first onset, peak severity, relationship to study drug/device/treatment, resolution date, actions taken with respect to administration of
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Any adverse event that is sent to the local IRB will be sent at the same time to the DCC. The DCC will ensure that the report contains sufficient information, will code it using MEDRA, and will review and distribute as described below. 
SCCT Monitoring of Adverse Events
Unexpected Grades 3-5 Adverse Events
 All unexpected Grades 3-5 adverse events will be reviewed by the Medical Monitor at the DCC, within 2 business days of receiving the adverse event form (or MedWatch form) from the clinical center.  If the Medical Monitor requires additional information to make his/her assessment, the clinical centers will have 2 business days to respond to the request for additional information.  The DCC is responsible for notifying the NHLBI Project Officer, or designated NHLBI medical monitor, immediately of all unexpected Grades 3-5 adverse events, regardless of attribution, and of any concerns regarding the frequency or type of adverse event(s) on a study or study treatment arm.  The attribution, as assessed by the clinical center and the DCC medical monitor, will be provided to the NHLBI Project Officer or designated NHLBI medical monitor, within 2 business days but no later than 7 days of receiving the report.  All unexpected Grades 3-5 adverse events will also be sent to the DSMB.
The NHLBI Project Officer (or designee) is responsible for reviewing the adverse event materials to determine if the materials are complete. If there are any concerns regarding the type or frequency of the event, the NHLBI Project Officer will request that the DSMB Executive Secretary notify the DSMB. The DSMB will review the adverse event materials, determine if the information is complete, determine if additional DSMB review is required and make recommendations to the NHLBI concerning continuation of the study.
The DCC will prepare quarterly summary reports of all unexpected Grades 3-5 adverse events and annual summary reports of all unexpected Grades 1-2 for the NHLBI Project Officer (or designee) and DSMB. Quarterly reports will be made available on a secure website and the NHLBI Project Officer (or designee) and DSMB will be notified by e-mail when the materials are posted. The summary reports will include a minimum of:
 description of the adverse event,  whether it is expected or unexpected,  the degree of attribution,  a clinical summary and conclusion.
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Expected Adverse Events  All expected Grade 5 adverse events will be reviewed by the Medical Monitor at the DCC, within 1 business day of receiving the adverse event form (or MedWatch form) from the clinical center.  If the Medical Monitor requires additional information to make his/her assessment, the clinical centers will have 2 business days to respond to the request for additional information.  The DCC is responsible for notifying the NHLBI Project Officer, or designated NHLBI medical monitor, immediately of all expected Grades 5 adverse events, regardless of attribution, and of any concerns regarding the frequency or type of adverse event(s) on a study or study treatment arm.  The attribution, as assessed by the clinical center and the DCC medical monitor, will be provided to the NHLBI Project Officer or designated NHLBI medical monitor, within 2 business days, but no later than 7 days of receiving the report.  All expected Grade 5 adverse events will also be sent to the DSMB.
The DCC will prepare quarterly summary reports of all expected Grades 3-5 adverse events and annual summary reports of all expected Grades 1-2 for the NHLBI Project Officer (or designee) and DSMB. The reports will be made available on a secure website and the NHLBI Project Officer (or designee) and DSMB will be notified by e-mail when the materials are posted. The summary reports will include a minimum of:
Any concern regarding the type or frequency of a Grade 3-5 expected adverse event will be reported to the NHLBI Project Officer who will determine if referral to the DSMB is warranted. If required, data materials will be provided by the DCC. The DSMB Executive Secretary will arrange for review by the DSMB Chair. The Chair will determine if additional DSMB review is required and make recommendations to the NHLBI concerning continuation of the study.
FDA IND/IDE Reporting
The sponsor of the IND/IDE is responsible for reporting to the FDA on at least an annual basis and for reporting expedited safety reports (21 CFR 312.32) . Annual reports are due within 60 days of the IND/IDE submission anniversary. If a study is under an FDA IND or IDE, all unexpected adverse events are reported to the FDA by telephone or fax as defined in Table  4 .2.3.4 below. Reporting will be expedited for SAEs as defined in section 4.2.3.1 that are unexpected, any increase in the rate or severity of expected toxicities, and any grades 3-5 infusion-related adverse events. 
Off Study Criteria
Patients will be off study if:
 They receive any other hemopoietic cell product  They receive therapy for relapse of their primary malignancy  Refusal of further study follow up by patient or legal guardian
If a patient comes off study to receive other hemopoietic cell products or therapy of malignancy we will continue to collect data on long term follow up for safety of gene transfer. 
SCCT
Study Design Synopsis
This study is a multi-center, Phase I/II trial designed to evaluate the feasibility, safety and efficacy of most closely HLA matched multivirus specific CTL lines (CHM-CTLs) in HSCT patients with either of three viruses; EBV, CMV and adenovirus persistent despite standard therapy. Eighteen patients will be initially enrolled in the phase I study to assess safety in cohorts of size 6 for CMV, EBV and adenovirus at a standard dose of 2 x 10 7 CTLs/m 2 . Safety and toxicity will be evaluated at the completion of each cohort before proceeding onto the phase II portion. For example, once 6 patients are followed and evaluated for safety and toxicity on the CMV cohort, a decision will be made to continue to the phase II portion independent of the other two cohorts. Phase II will consist of 27 patients in cohorts of size 9 for CMV, EBV and adenovirus at a standard dose of 2 x 10 7 CTLs/m 2 . The total sample size of the study will be 45 patients on the treatment arm. A larger number of potential subjects will be screened to assess the feasibility of the approach.
Accrual
It is estimated that 24 months of accrual, or approximately 2 patients per month, will be necessary to enroll the targeted sample size.
Primary Endpoint
The primary endpoint for the trial is to determine the safety of banked allogeneic viral specific CTLs within 45 days of last dose of CTLs. Events to be considered include grade III-IV acute graft-versus-host disease (aGvHD) within 45 days of the last dose of CTLs or grades 3-5 infusion-related adverse events or grades 4-5 nonhematological adverse events within 30 days of the last CTL dose and that are not due to the pre-existing infection or the original malignancy as defined by the National Cancer Institute's (NCI) Common Terminology Criteria for Adverse Events (CTCAE) version 3.0.
Sample Size and Power Calculations
The sample size is 45 patients for this trial. Ninety-five percent confidence intervals were calculated for varying probabilities based on the sample size. Table 5 .4.1 provides confidence intervals for a variety of true underlying proportions. Of particular interest is the anticipated 30 day acute GVHD or grade 3 or higher toxicity, which is 40%. For this setting, the confidence interval length is 28.6%. The probabilities above and below 40% represent other plausible safety scenarios. Sample sizes of 15 and 30 are provided in the event a cohort is closed early.
The precision of the estimates alternatively could be viewed as a lower bound on the rate of the safety endpoint. The probability to rule out safety events of a certain size can be interpreted as "power." Table 5 .4.2 provides the probability (or power) that the lower bound of a 95% twosided confidence interval for the safety event probability will be greater than thresholds of 30%, 50%, 60%, 65% and 70%. When the true percentage is 40%, there is 91% power to rule out a percentage of 65% or larger. 
Stopping Guidelines
Statistical monitoring of aGVHD grades III-IV or grade 3-5 toxicity and secondary graft failure is employed in this study in two phases. The guideline is designed to assist an independent NHLBI-appointed Data and Safety Monitoring Board (DSMB) in overseeing the study. The DSMB may also request additional interim analyses and develop other criteria for determining when to intervene in the enrollment or treatment of patients in the study. Monitoring of key safety endpoints will be conducted and if rates significantly exceed pre-set thresholds, the NHLBI will be notified in order that the DSMB can be advised.
Safety guidelines will be implemented separately for each cohort. The risk of toxicity or aGVHD is considered to be moderate in this population. Three reports of grade III aGVHD or grade 3 toxicity in the cohort of 6 will stop enrollment to that cohort and not continue on to phase II.
The proportion of events by 30 days post CTL infusion will be monitored using a stopping guideline that compares the rate of events to an external standard for each cohort. A Bayesian motivated safety stopping guideline will be used for this trial. The expected underlying 30 day post-CTL infusion event probability is assumed to be 25% and that a probability of greater than 65% is unacceptable. A Beta distribution can be used as the prior distribution of Ө; Ө is the proportion of patients who experience an event. The Beta distribution will have prior mean of 0.25 and a prior probability <0.04 of exceeding 0.65. A beta(1,3) was used. The guideline is derived such that if there is strong evidence (posterior probability > 0.95) that the probability of the event is greater than 25%, the trial will be stopped. The resulting boundaries are tabulated in Table 5 .5.1. * The stopping guidelines serve as a trigger for consultation with the DSMB for additional review, and are not formal "stopping rules" that would mandate automatic closure of study enrollment.
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A simulation study was conducted to evaluate the operating characteristics of this stopping rule. Data were generated from the binomial distribution with varying probabilities of failure (Ө) and assuming a sample size of 15 patients. Table 5 .5.2 shows the probability of stopping the trial early and the average sample size of stopped trial (N), conditional on stopping early, at which the boundary is crossed for each value of Ө. The unconditional average sample size of the trials for each value of Ө is displayed. Although the motivation for the boundary is Bayesian, the operating characteristics can be evaluated from a frequentist perspective of Type I error and power. The stopping rule for a 25% event rate has a 7% chance ("Type I error)" of suggesting early termination when the true rate is 0.25, and an 94% chance ("power") when the true rate is 0.65.
The proportion of secondary graft failures by 30 days post CTL infusion will be monitored using a stopping guideline that compares the rate of events to an external standard for each cohort. A Bayesian motivated safety stopping guideline will be used for this trial. The expected underlying 30 day post-CTL infusion secondary graft failure probability is assumed to be 5% and that a probability of greater than 35% is unacceptable. A Beta distribution can be used as the prior distribution of Ө; Ө is the proportion of patients who experience an event. A beta(1,19) was used. The Beta distribution will have prior mean of 0.05 and a prior probability <0.05 of exceeding 0.35. The guideline is derived such that if there is strong evidence (posterior probability > 0.95) that the probability of the event is greater than 5%, the trial will be stopped. The resulting boundaries are tabulated in Table 5 .5.1. * The stopping guidelines serve as a trigger for consultation with the DSMB for additional review, and are not formal "stopping rules" that would mandate automatic closure of study enrollment.
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A simulation study was conducted to evaluate the operating characteristics of this stopping rule. Data were generated from the binomial distribution with varying probabilities of failure (Ө) and assuming a sample size of 15 patients. Table 5 .5.2 shows the probability of stopping the trial early and the average sample size of stopped trial (N), conditional on stopping early, at which the boundary is crossed for each value of Ө. The unconditional average sample size of the trials for each value of Ө is displayed. Although the motivation for the boundary is Bayesian, the operating characteristics can be evaluated from a frequentist perspective of Type I error and power. The stopping rule for a 5% event rate has a 1% chance ("Type I error)" of suggesting early termination when the true rate is 0.05, and an 85% chance ("power") when the true rate is 0.35.
Demographic and Baseline Characteristics
Demographics and baseline characteristics will be summarized for all patients. Covariates considered will include age, race, sex, type of donor, graft source, HLA match of transplant, HLA match of CTL, type of infection, site of infection, aGVHD grade at enrollment, and time from transplantation to infusion of CTLs.
Endpoints and Analysis Plan
All endpoints are assessed from the last dose of CTL. The starting time point for each analysis will initiate at the start of the infusion of the last dose. The primary endpoint is the proportion of patients with aGVHD grades III-IV within 45 days of the last dose of CTLs or grades 3-5 infusion-related adverse events within 30 days of the last does of CTLs or grades 4-5 nonhematological adverse events within 30 days or the last dose of CTLs and that are not due to the pre-existing infection or the original malignancy or pre-existing co-morbidities. Descriptive analyses of the primary endpoint will be performed. Point estimates and confidence intervals of safety event proportion will be computed. Event rates will be compared across infection cohorts. A test of homogeneity will be conducted across cohorts with respect to the primary endpoint.
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Version 0.9 dated Secondary endpoints include:  Effects of CHM-CTL on viral loads.  Reconstitution of antiviral immunity at 2 weeks, 1 and 3 months.  Persistence of infused CHM-CTLs and effects on clinical signs of viral infection.  Cumulative incidence of viral reactivations within 6 months.  Cumulative incidence of secondary graft failure at 30 days.  Cumulative incidence of systemic infections within 6 months.  Cumulative incidence of chronic GVHD at 6 and 12 months.  Clinical response to CTL infusions at 5 weeks and 3 months after the start of CTL infusions. Response will be graded as complete, partial, stable disease, progression, and did not respond as defined in Chapter 3.  Effects of HLA matching.  Overall survival at 6 and 12 months post CTL infusion. Overall survival will be estimated based on the Kaplan-Meier product limit estimator. Death will be considered the event and censored on the last date of follow-up. Survival probabilities and confidence intervals will be calculated.
Estimates and 95% confidence intervals will be constructed for all endpoints. These may include point estimates, Kaplan-Meier survival curves, or cumulative incidence curves depending on the secondary endpoint of interest.
Patients that failed to be matched with a CTL will be compared to the patients that are matched to a CTL and infused by analyzing the recipient's age, gender, race, ethnicity, HLA type and infection type. In addition, overall survival at 6 and 12 months post CTL search initiation will be estimated based on the Kaplan-Meier product limit estimator. The purpose of this comparison is to provide information on a concurrent group of controls.
Data and Safety Monitoring Board (DSMB)
Interim analyses will be conducted at times coincident with regularly scheduled meetings of the NHLBI-appointed Data and Safety Monitoring Board (DSMB) at approximately six-month intervals. The DSMB Chair will be notified each time a grade 3-5 unexpected or grade 5 expected AE occurs. Monitoring of the key safety endpoint will be conducted as described above, and if rates significantly exceed pre-set thresholds, the NHLBI will be notified and information will be supplied to the DSMB. Policies of the DSMB are described in the SCCT Manual of Procedures. The stopping guideline serve as a trigger for consultation with the DSMB for additional review, and are not formal "stopping rules" that would mandate automatic closure of study enrollment.
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